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Visceral reconstruction techniques
Sunita D. Srivastava, MD, Cleveland, OhioThe success and patency of conventional infrarenal
aortic and thoracic aortic endografting has led to the ex-
pansion of endovascular applications to patients with chal-
lenging anatomy and to physiologically compromised pa-
tients. The use of endovascular therapy in the treatment of
thoracoabdominal aortic aneurysms is promising. As with
infrarenal pathology, branch vessel perfusion and adequate
landing zones remain the key determinants of satisfactory
exclusion and repair.
Investigational branch and fenestrated stent graft ther-
apy for extensive aneurysmal disease is not readily available
and is limited to a few centers in the United States (See the
article by Drs Greenberg and Qureshi). Despite favorable
results, the accessibility of such novel devices is currently
restricted.1-3 Although open thoracoabdominal aneurysm
repair has been reported with improved results, significant
morbidity and mortality limit its use in sicker patients.
Retroperitoneal incision, thoracotomy, aortic cross-clamp-
ing, and visceral and renal ischemic times render it less
desirable for individuals with significant comorbidities.
Other treatment strategies have evolved. Visceral reper-
fusion by traditional extra-anatomic bypass and subsequent
exclusion with thoracoabdominal stent grafts has been
described and is termed hybrid endovascular reconstruc-
tion.4 As first reported by Quinones-Baldrich et al,5 this
method combines thoracic stent grafting and visceral revas-
cularization with avoidance of cross-clamping the aorta.
Using both open and endovascular treatment of complex
thoracic and thoracoabdominal aneurysms may offer a
more realistic and available option to expand treatment to
suboptimal anatomic and physiologic candidates.
Considerations for thoracic vs abdominal stent grafting
are dissimilar. Anatomic differences in the thoracic aorta
influence several factors to consider in the endovascular
assessment. The larger-caliber aorta in the thoracic cavity
mandates a more expansive seal zone of 2 to 3 cm both
proximally and distally. Tortuosity as a result of vessel
elongation from aneurysmal growth and the angulation of
the aorta as it travels through the crus of the diaphragm
complicate the seal areas and device deployment. Addi-
tional constraints that must be addressed in the thoracic
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82Saorta include the atheromatous and calcific disease compli-
cating the landing zones and the proximity to the visceral
vessels. All of these factors can hamper accurate device
placement and adequate apposition and length for success-
ful endovascular treatment.6-8
These issues are less encumbering with the use of
branch and fenestrated stent grafts, which expand the seal
zones while maintaining critical perfusion to the viscera and
renals. Currently, investigational protocols using branched
and fenestrated endografts are used in a few centers, allow-
ing for treatment of thoracoabdominal and thoracic aneu-
rysms. The options remaining include an armamentarium
of both open and endovascular techniques to augment the
requisite landing sites for commercial thoracic stent place-
ment while preserving flow to the visceral segments. Such
procedures can expand the relevance of stent graft therapy,
particularly in those individuals deemed unsuitable for stan-
dard open repair.
An assessment of visceral and renal flow is essential for
planning a complex procedure. Most patients present with
extensive imaging studies with their diagnosis, including
computed tomography (CT) and magnetic resonance im-
aging. Studies to evaluate flow that may assist in preopera-
tive planning include mesenteric and renal duplex imaging
in an accredited vascular laboratory. Arteriography with
adjunctive maneuvers such as test balloon occlusion can
assist in determining collateral flow, whereas primary stent
placement in a stenotic superior mesenteric artery may
augment flow if one is considering celiac occlusion with
stent graft coverage. The gastroduodenal branches and
inferior pancreaticoduodenal arteries form the arcades that
communicate between the celiac and the superior mesen-
teric arteries. Additional collaterals through the dorsal pan-
creatic artery and the branches of the splenic artery contrib-
ute to the network of vessels supplying the foregut. In
addition to evaluating themesenteric vessels with respect to
occlusive disease and collateral flow, the patency of the
renal arteries should be evaluated as a potential source for
inflow for a visceral bypass procedure.
VISCERAL RECONSTRUCTION
The celiac artery is the first vessel to appraise when the
distal landing zone is suspect. If occluded, revascularization
may be unnecessary because sufficient collaterals may have
already developed and coverage of the vessel can be toler-
ated. Vaddineni et al9 retrospectively analyzed seven pa-
tients who had planned celiac artery coverage to expand the
distal sealing zone in elective thoracic stent graft proce-
dures with perioperative visceral angiography. They de-
scribed no clinical evidence of gut ischemia in their patients,
although endoscopy and motility studies were not used to
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onstrated proximal celiac occlusion with patency of the
hepatic and splenic branches.
Extension of the landing zone can be achieved with
celiac embolization or acute coverage with a stent graft, but
such sudden occlusion may be prone to complications.2
Kotsis et al10 showed that acute exclusion without revascu-
larization of the celiac artery is poorly tolerated unless the
vessel is stenotic at its origin. Embolization at the origin has
the potential to preserve flow in the hepatic and splenic
branches from collaterals without contributing to a type II
endoleak. Several embolization tools have been described
with success. Selective metallic coil embolization at the
celiac origin is typically performed. Chemical embolization
is not advised in this setting due to the possibility of
thrombotic complications and possible distal embolization
into the branches of the celiac artery.
In the setting of a patent visceral vessel, several recon-
struction options exist and vary with respect to the donor
vessel. The selection of the inflow vessel is predicated on the
lack of atherosclerotic and aneurysmal disease in the donor
vessel and the type of conduit to be used. The sources of
inflow for celiac revascularization include the renal artery,
iliac artery, and aorta. Conduits are generally selected by
diameter and length necessary for bypass. Autologous sa-
phenous veins are more appropriate for short-length by-
passes to small- to medium-sized vessels, whereas pros-
thetic conduits are typically used in long-segment bypasses
from the iliac or aortic inflow.
Hepatorenal bypasses are typically performed through
subcostal incisions with an extended Kocher maneuver to
mobilize the right renal artery in preparation for bypass.
The exposure and procedure are tolerated well. If the renal
artery is inadequate, the iliac artery as well as the distal or
Fig 1. Open retrograde visceral debranching with a bif
and celiac arteries is shown in a (A). Renal and visceral r
graft with aneurysm exclusion (B).proximal aorta may be used instead of a midline incision.The selection of the aorta vs the iliac artery is dictated by the
length of the aorta requiring coverage as well as the extent
of aneurysmal and occlusive disease in both vessels. The use
of the same iliac for both visceral reconstruction and device
delivery may compromise end-organ perfusion with em-
bolic and thrombotic potential. A separate contralateral
prosthetic iliac conduit for access is recommended.
Retrograde iliovisceral bypasses are tunneled in the
retropancreatic plane. End-to-end anastomosis is typically
performed (Fig 1). Regardless of the type of bypass, prox-
imal splanchnic ligation is necessary to avoid type II en-
doleak and also potential thrombosis from competitive flow
if the visceral revascularization is to be staged before the
endograft. Ligation is ideally performed with division and
ligation to avoid causing recanalization of flow in the future
with simple ligation. Unlike visceral bypasses for occlusive
disease, exposure of the vessels and routing of the bypass
can be challenging due to the anatomic distortion from the
large aneurysms. Renal anatomy may rotate more posteri-
orly, whereas the omentum and mesentery can be denser
and containmore fat.Medial visceral rotation and extended
anatomic maneuvers may be necessary to gain sufficient
access for proximal ligation and bypass (Fig 2).
The patency and viability of retrograde bypasses for
splanchnic perfusion has been reported with favorable re-
sults.10 Retrograde perfusion from iliac donor sites was the
most common inflow source in several reports.11,12 Kab-
bani et al13 reviewed their series of 36 patients undergoing
hybrid repair and 30 patients undergoing visceral artery
bypass with retrograde inflow from iliac and infrarenal
aortic sites. Other authors have described a more extensive
approach to revascularization and incorporate a thoracoret-
roperitoneal approach with the thoracic aorta as the inflow
vessel for the visceral bypass.14 Despite patency and choice
ed graft from the iliac donor to the superior mesenteric
truction with multiple limbs in a completed aortic stenturcat
econsof inflow sources, pancreatitis, ischemia of the bowel and
JOURNAL OF VASCULAR SURGERY
October Supplement 201084S Srivastavasolid organs, and prolonged ileus have been reported.10,12
Length of operative time, degree of atherosclerosis and
poor intraoperative hemodynamics may contribute to the
gastrointestinal complications irrespective of graft flow and
type of reconstruction. More recent reports from Biasi et al
documented 18 patients undergoing retrograde visceral
revascularization with subsequent thoracic stent graft ther-
apy. They achieved aneurysm exclusion in 17 patients, with
visceral bypass patency of 98.1%.15
Staged vs nonstaged debranching. Timing of the
visceral reconstruction can vary and be surgeon dependent.
Proponents of the concomitant bypass and endograft ap-
proach cite the convenience of iliac access for endograft
delivery, lower operative time, and verification and visual-
ization of the visceral bypass patency at the time of en-
dograft placement. Those favoring staged procedures sug-
gest the possibility of embolic and thrombotic events at the
same time of stent graft intervention as well as aneurysm
rupture and disruption of the visceral bypasses.16,17 The
staged approach limits the duration of the endovascular
procedure and hemodynamic insult to the patients, allow-
ing for earlier extubation, pulmonary toilet, and assessment
of spinal cord perfusion and status. However, no difference
in outcomes has been reported between staged and non-
staged procedures,12,17,18 and outcomes are likely dictated
by patient constraints in comorbidities as well as anatomic
considerations such as symptoms, size of aneurysms, and
extent of debranching required.
Double-barrel stent technique. This technique re-
fers to the placement of a branch stent adjacent to the main
Fig 2. A celiac stent has been placed adjacent to the distal landing
zone during coverage for thoracic stent graft repair.aortic stent graft in an effort to maintain branch patency. Itwas originally described as a bailout procedure for an
inadvertent coverage of the left carotid artery as part of a
thoracic stent graft procedure and has since been reported
by several investigators.19-22 Proponents of this technique
cite the enhanced seal area created while avoiding open
debranching in an effort to extend the endovascular appli-
cation of stent grafting. However, Baldwin et al20 maintain
that although the fixation length is extended, seal is not and
that the branch stent hampers stent graft approximation to
the aortic wall, potentially creating a type I endoleak.
Apposition of the stent graft distal to the branch stent will
create a seal zone, thereby reducing the possibility of an
endoleak. Although described for proximal branch preser-
vation in the arch, it can be a useful tool in the distal landing
zone as well.
Hybrid laparobotic. Although robotic technology
has been applied to many surgical specialties with prolific
growth, its use in vascular surgery is evolving. The first
hybrid debranching was reported byWahlgren23 in a symp-
tomatic patient with multiple comorbidities, with success.
The approach was used for iliac exposure and suturing the
proximal anastomosis for the visceral bypass. A short trans-
verse incision was thenmade to allow for distal anastomoses
to the celiac and superior mesenteric vessels and limited the
open surgical exposure as well as need for aortic cross-
clamp. The advantages of the exposure include a high-
resolution view of the field and precise dissection and
anastomosis from a laparoscopic approach. Bakoyiannis
et al24,25 recently described two cases of laparoscopic de-
branching: one involved a Crawford type III thoracoab-
dominal aneurysm and the second required accessory renal
debranching for an abdominal aortic aneurysm. Despite
these reports, use of this technique has yet to gain wider
acceptance and application in vascular surgical practices.
Custom Dacron grafts. Hughes et al26 have recently
reported their experience with custom-fabricated Dacron
branch grafts in an effort to simplify the aortic debranching
procedure. Unlike other series that have used multiple
bypass grafts with multiple inflow sources,6,17,27 these cus-
tomized grafts allow for a single inflow source with a side
arm for stent graft delivery.
Advantages of the custom graft in the simplification of
the inflow source to one vs several, thereby reducing the
operative time and complexity of the procedure in an
already compromised patient population. The advocates of
this technique also cite better patency than multiple inflow
bypasses due to greater total graft flow and had no graft
occlusions in their follow up.
CONCLUSIONS
Hybrid techniques expand the application of endovas-
cular therapy in patients who are at high risk for traditional
surgical intervention and in those patients whose anatomy
is unfavorable with respect to the distal landing zones for
endoluminal treatment. Visceral revascularization methods
are variable and depend on the anatomic restraints of the
patients as well as the experience and judgement of the
treating surgeon. In between the two extremes of complete
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complete open aneurysm repair, it provides a feasible and
readily available alternative. Long-term data with respect to
hybrid therapy remains unknown andwill ultimately dictate
its future use.
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